INTRODUCTION
Several questionnaires have been developed to evaluate disability in people with low back pain (LBP) (1, 2) . The RolandMorris Disability Questionnaire (RDQ) is one of the most frequently used back-specific measures. The RDQ has been translated into several languages. Many versions have been evaluated (1) and it has been recommended as a core outcome measure for this patient group (3) . The RDQ assesses disability in daily living among patients with LBP, with 24 items in the original version (4), 18 items in two different versions (5, 6) , and 11 items in a fourth version (7) . In addition, there is a modified 23-item version developed for sciatica patients (8) , with briefer sciatica versions comprising 11 (9) and 12 items (10) .
The traditional metric properties, such as validity, reliability and responsiveness of the RDQ, have been described extensively in the literature, and are generally acceptable (1, 2, 11, 12) . However, construct validity has mostly been examined using classic test theory. Item response theory and Rasch analysis have been increasingly applied in the field of patient-reported outcomes, and is considered a more appropriate method when assessing construct validity as it provides specific analyses of the unidimensionality (the extent to which items measure a single construct, e.g. disability due to LBP), item difficulty (the relative difficulty of the items when compared with each another), and person separation (the extent to which items distinguish between distinct levels of disability) (13) . The few studies that have assessed the RDQ using item response theory and Rasch analysis found that there are misfitting items in the original 24-item version (7, (14) (15) (16) . However, the misfitting items were not similar across the different studies, for example Garratt (14) found that items 1, 2, 15 and 19 did not fit a unidimensional construct, whereas a recent study of Davidson (16) found that items 9 and 17 did not fit the Rasch model. The lack of consistent findings might be due to the fact that the studies were carried out in different countries including Australia, Canada, Turkey and UK. If so, then this has important implications for cross-national comparisons and generalizability of RDQ scores. Therefore, it is important to further evaluate existing RDQ versions by using similar and appropriate methods, such as Rasch analysis.
The aim of this paper was to examine the fit of data from 4 different RDQ versions to a Rasch model when used in a Norwegian sample with chronic LBP and degenerative lumbar osteoarthritis: the original 24-item version (4), the 2 18-item versions (5, 6) , and the 11-item version of the RDQ (7) .
MATERIAL AND METHODS

Measurement
The RDQ was developed in the UK in the early 1980s (4), and was based on the items of greatest relevance for patients with LBP from the Sickness Impact Profile (17) . The items cover a range of aspects of daily living and were made specific to LBP by adding the words "because of my back" (or similar rephrasing) to the statements. RDQ items have a time frame of "today", a yes/no response format, and summed scores range from 0 (no disability) to 24 (severe disability).
The Norwegian version of the original RDQ has been crossculturally adapted for patients in primary and secondary healthcare and tested for measurement properties, including reliability, validity and responsiveness (18, 19) . Each of the RDQ versions evaluated in this study was based on patient responses to the full 24-item version.
Data collection
A total of 250 patients aged between 25 and 75 years with non-specific chronic LBP taking part in a double-blinded randomized, placebocontrolled trial comparing glucosamine sulphate with placebo were asked to complete the RDQ prior to treatment (20) . Inclusion requirements were primary complaint of LBP longer than 6 months, more LBP than leg pain, no influential comorbidity, an RDQ score of 3 or more at baseline, no previous spinal fracture or surgery, no symptomatic disc herniation or spinal stenosis. Subjects were recruited from general practitioners, chiropractors, physiotherapists and a newspaper advertisement. Patients were given the self-completed questionnaire that included the RDQ after giving informed consent to take part in the trial. They were asked to complete the questionnaire at home and return it in a reply paid envelope. The study was approved by the Regional Ethical Committee for Medical Research (Regional komite for medisinsk forskningsetikk, reference number 53-06028 1.2006.40) in Norway.
Statistical analysis
Data were analysed in SPSS (version 14) and RUMM2020. The frequency of responses, including missing data, for each item was assessed. A Rasch analysis was used to test the RDQ scores against a mathematical measurement model, which is a probabilistic model that tests the extent to which the observed pattern of person and item responses fits the pattern expected by the model (23, 24) . The Rasch analysis comprised a series of fit statistics in RUMM2020, which were used to indicate if the data met model expectations. Since RDQ has a dichotomous response category the dichotomous model was used. This model assumes that as a patient's disability increase, it is more likely that the item will be approved by the patient. Patients and item scores are used to "calibrate" items on a logit scale. Items at one end of the scale are "easier", while items at the other end are more "difficult". The difficulty of individual items is determined by the frequency of endorsement.
fit to the Rasch model was examined for the original 24-item version (4), the two 18-item versions (5, 6) , and the 11-item version of the RDQ (7), and a number of statistical analyses were carried out (21, 22) :
First, a summary statistic of overall fit of data to the model was given by a Bonferroni-adjusted χ 2 Item-Trait Interaction statistic. In RUMM2020 the χ 2 statistics compares the difference in observed values with expected values across groups representing different ability levels (called class intervals) across the trait to be measured, which, in this case, is disability (21) . In the present study 3 class intervals were used. A non-significant probability value indicated that there was no substantial deviation from the model and that the hierarchical ordering of the items was consistent across all levels of the underlying trait (21, 22) .
The person separation index, which is equivalent to Cronbach's alpha, provides an indication of how many groups of ability the test can discriminate amongst (21, 22) . The higher the person separation index, the more groups the test is able to detect; values of 0.8 and 0.9 indicate that the scale can statistically discriminate between at least 2 and 3 groups, respectively.
The individual person fit and item fit were assessed by inspecting the mean and standard deviation (SD) of the fit residuals. A mean value of approximately 0 and SD of 1 were expected. Misfitting items were identified by fit residuals of greater than plus or minus 2.5 or a significant χ 2 probability value (21, 22) . High negative residuals are normally interpreted to indicate the redundancy of an item, suggesting that the item is not adding any new information to the scale.
To assess potential bias across groups of respondents, differential item functioning (DIf) was assessed in relation to gender, age, work status (in work or not), and use of pain medication (yes/no). Continuous variables must be split into categories in DIf analyses, therefore age was split according to the mean value of 48 years (median value was also 48 years). In the DIf analyses the responses of the different subgroups (gender, age, etc.) were analysed across the 3 class intervals mentioned above, which represents low, moderate and high ability. Two types of DIF can be identified: uniform and non-uniform DIF. A uniform DIf occurs when there is a difference between the subgroups across all the class intervals; for example, one subgroup is displaying a consistently greater ability to confirm an item than the other subgroup (analysis of variance (ANOvA) main effect). A non-uniform DIf indicates that the ability differences are inconsistent across the subgroups (ANOvA interaction effect).
finally, tests for potential multidimensionality in terms of both a paired and independent t-test procedure of the person estimates derived from subsets of positively and negatively loaded items (21, 22) were carried out. Two item subsets were created from items loading positively and negatively on the first residual factor in the principal components analysis. first, the component loadings of the two subsets were compared and a paired t-test was used to determine if the associated person estimates were significantly different from that for all items. If the person estimate was different between the subset and the full item scale, this would indicate a breach of the assumption of local independence and unidimensionality. Secondly, the independent t-test procedure compared the proportion of persons with significantly different person estimates at a 5% significance level.
RESULTS
Of the 250 patients included in the trial, 243 completed all 24 items of the RDQ. Their mean age was 48.5 years (SD 11.2) and 48.4% were women. Most of the patients (74.4%) were working. The mean total score of the 24-item RDQ was 9.5 (SD 4.2) and the median score was 9 (interquartile range 6) on the 0-24 scale. Table I shows the endorsement frequencies, which reflect the difficulty order of the 24 items, as indicated by the logit measure. Item 2 of the RDQ "I change positions frequently to try to get my back comfortable", had the highest endorsement of 90.8%, whereas item 24 "I stay in bed most of the time because of my back", had the lowest endorsement of 1.2%. Items at the top reflect low disability and items at the bottom reflect high disability due to LBP.
Table I also shows that 4 items had fit statistics outside the acceptable level of ±2.5 in the original 24-item version and in the 2 18-item versions; item 3 "I walk more slowly than usual because of my back" and 23 "Because of my back, I go upstairs more slowly than usual" were redundant, whereas item 13 "My back is painful almost all of the time" and 18 "I sleep less well because of my back" did not fit the model. Item 23 was also redundant in the 11-item Stroud version, and item 10 "I only stand up for short periods of time because of my back" did not fit the model. (Table I) , were all localized at the lower end of the difficulty order, the only exception being item 2. Fig. 1 displays the person-item distributions for the 4 RDQ versions, showing person ability (upper part of the graph) mapped towards the item difficulty (lower part of the graph). When comparing the person-item distributions, only the original RDQ version has items covering the whole person distribution. for the Stroud 11-item version a large proportion of the lower and higher person distributions was not covered by the items.
The fit statistics in Table II shows that all the RDQ versions had probability values under 0.001, and hence none reflected a unidimensional instrument of disability. The Person Separation Reliability Index varied from 0.77 to 0.73, indicating an acceptable ability to discriminate amongst respondents with two different levels of disability. The individual person and item fit values of the 24-item version indicated a lower ability level of the persons (-0.83, SD 1.13) than difficulty level of the RDQ (0.00, SD 1.90).
Analysis of DIf for gender, age, work status, and use of pain medication showed that several of the items performed differently across these groups, and that the pattern was similar across the original RDQ, the Willams and Stratford versions (Table III) . The 11-item Stroud version showed fewer DIfs than the other 3 (Table III) . The most consistent findings across all the 4 versions were the DIf for gender in item 9 and the DIf for use of pain medication in item 11. Men consistently had a higher probability to affirm item 9 (get dressed more slowly), whereas people who did not use pain medication were more likely to affirm item 11 (try not to bend or kneel). The DIf for gender showing that females were more likely to affirm item 14 (difficult to turn over in bed) was consistent in 3 of the 4 RDQ versions. Also, the findings regarding DIF according to age groups were rather consistent across most of the RDQ versions. for example, people in the higher age group (≥ 48 years) had a higher probability to affirm items 5 and 23, whereas people younger than 48 years were more likely to affirm item 22. Furthermore, we found two uniform DIfs for work status. The most frequent non-uniform DIf was found for work status in items 13 and 14.
The paired t-tests were highly significant for all the 4 versions (p < 0.001), whereas the proportion of persons with significantly different persons estimates based on the two-item subsets was 5.08% for the original RDQ, 12.2% for the William, 4.5% for the Stratford, and 0% for the Stroud version, respectively.
DISCUSSION
The main finding of this study is that none of the 4 RDQ versions (the original 24-item, the 18-item versions of Williams and Stratford, and the 11-item of Stroud) are a unidimensional measure of disability due to LBP when used in this Norwegian sample of patients with chronic LBP and degenerative lumbar osteoarthritis. Items 13 and 18 did not fit the Rasch model, whereas 3 and 23 were redundant.
The current study found that items 13 and 18 were consistently misfitting to the Rasch model in the 3 RDQ versions in which they appeared. According to the ICF classification (23), these two items represent "impairments" (pain and sleep, respectively) whereas the other items represent aspects of activity limitations. Previous studies have also found evidence of misfit for item 18 (15, 16) . Item 10 of the 11-item Stroud version also showed a misfit to the model, which also was reported for the Turkish RDQ (15) . However, there is only limited consistency in misfitting items across studies that have used Rasch analysis. Table Iv shows that the greatest consistency was that items 15 and 19 were identified as misfitting in 3 of 5 studies (7, 14, 15) .
It may be that differences in culture, sample characteristics and sample sizes have contributed to this lack of consistency in the fit of RDQ data in back pain populations from Australia, Norway, Turkey, USA and the UK. Although all the previous studies recruited patients from the primary care there are variations across these samples (Table Iv) . for example, the study in USA included patients with chronic pain in different body areas, of which LBP was reported by 36% of the total sample. The mixed population might explain why many items were misfitting in this study, which limits the comparison of this study with the others in Table Iv . furthermore, cultural differences might explain why patients in Turkey scored much higher on the original RDQ (mean of 15) than patients from Norway and the UK (mean of 9). In order to address the is- sue of cross-cultural equivalence, one could explore DIf by country on merged data-sets from several countries (21, 24) .
Although there was little overlap in misfitting items when compared with previous studies, the difficulty level of the items was very similar (14) (15) (16) . The items 15, 19, 20 and 24, which were excluded in all the adapted versions (5-7), were all "easy" items reflecting increasing disability in the present study. Also, the excluded item 2 was a "hard" item reflecting little disability in the current study. In the current and comparable studies (14-16) the RDQ items tended to cluster around the middle of the scale of difficulty, with relatively few items at the extremes. Hence, it is ill advised to remove items at the extreme ends of the scale hierarchy, where few of the 24 items contribute in terms of describing the disability of patients. However, this is exactly what all the shortened versions of the RDQ have done. In particular, the exclusion of item 2 reflecting low disability seems inappropriate and as shown by both the current and previous studies (14) (15) (16) , item 2 has high endorsement and hence is important for determining patients with very low levels of disability. Only the original 24-item version had items that covered the very low difficulty level. Fig. 1 indicates that there is poor targeting of the items in both the lower and upper end of the scale in all the RDQ versions. This finding is very similar to what Davidson et al. (16) found, and suggests that more items are needed in order to assess lower and higher levels of disability more appropriately than what is possible with today's RDQ versions.
We found that several items performed differently across subgroups of gender, age group, work status and use of pain medication. Both item 9 and item 14 showed DIf for gender and items 5, 22, and 23 for age. Only two of the previous studies have reported on DIf in their Rasch analyses. Similar to the present study, Davidson found a DIf for age in item 5 ("Because of my back, I use a handrail to get upstairs"), which showed that older persons were more likely to affirm this item than younger persons (16). Kucukdeveci et al. (15) found a DIf for gender, but that was in item 5, and not in items 9 or 14 as in the present study. Again, these findings might be explained by differences in culture and back pain populations across Australia, Norway, Turkey, USA and the UK. furthermore, in the Turkish study they found no DIf by duration or severity of pain. As far as we know, none have explored DIf by work status and use of pain medication as we did in the present study. Males have a higher probability to affirm this item; b Females have a higher probability to affirm this item;
c People who are more than 48 years have a higher probability to affirm this item;
d Younger people (< 48) have a higher probability to affirm this item;
e People who are out of work have a higher probability to affirm this item;
f People in work have a higher probability to affirm this item (for item 18; only in the lower and upper end of the construct); g People who are out of work have a higher probability to affirm this item, except in the upper end of the construct;
h People who do not use painkillers have a higher probability to affirm this item; i People who use painkillers have a higher probability to affirm this item.
The weaknesses of the RDQ have been reported in a number of studies (1, 14) . It has been argued that patients should contribute to item selection for instruments designed to assess health and quality of life in back pain (25) . In contrast to a large number of specific instruments that are now available for different health problems, the content of the RDQ was not developed following input from patients including interviews or focus groups. Hence, the RDQ may lack content validity as a patient-reported outcome, since it may not adequately reflect the concerns of patients. The RDQ assesses disability, but other aspects of health and quality of life are important to patients with back pain (26) . Moreover, the aspects of disability assessed by the RDQ may not concord with those of back pain patients, the content of the RDQ being based on the generic Sickness Impact Profile (17) . Other criticisms levelled at the RDQ include the use of dichotomous items, which generally have lower levels of data quality and reliability than categorical rating scales with more response alternatives (14) . They may also be less responsive to change (27, 28) . This study has some limitations. first, the material in the present study was recruited to a randomized, controlled trial, and the patients needed a confirmed diagnosis of degenerative lumbar osteoarthritis to be included in the study. Therefore, this sample might represent a slightly different group of back pain patients than the typical patient seeking care in primary healthcare. Secondly, the patients completed the original 24-item RDQ version, and each of the RDQ versions were extracted from this full data-set. Whether administration of the actual shorter versions would yield equivalent data cannot be demonstrated from this study.
The lack of consistent findings across studies means that caution should be exercised in developing new versions of the RDQ. If researchers want to continue to use the RDQ despite its weaknesses it is more appropriate to use the 24-item version so that scores can be compared across studies. furthermore, it is important that researchers and clinicians are aware that the RDQ cannot be considered a unidimensional measure of disability due to LBP. The application of Rasch analysis to merged data from different countries might further our understanding of the performance of the RDQ.
In conclusion, in this sample of Norwegian patients, none of the 4 versions of the RDQ were found to be unidimensional according to the Rasch model. Several studies based on modern psychometric methods have identified problems with the instrument. There is considerable variation in misfitting and redundant items across different studies. In the absence of consistent findings across studies, caution should be exercised in the development and application of alternative versions of the RDQ.
